ABSTRACT A total of 768 1-d-old Ross 308 male broiler chickens with an average body weight of 43.64 ± 0.59 g were used in a 5-wk feeding trial. The chickens were distributed into 4 treatments of 12 replications per treatment with 16 chickens per pen. Dietary treatments included the following: TRT1, basal diet; TRT2, -40 kcal diet + 0.05% emulsifier; TRT3, -60 kcal diet + 0.05% emulsifier; TRT4, -80 kcal diet + 0.05% emulsifier. The emulsifier contained 80% sodium stearoyl-2-lactylate and 20% tween 20. In our study, the treatment diets had no significant effect on growth performance, meat quality, relative organ weight, serum lipid profiles, and excreta microbiota. However, the birds were able to grow as well with less energy when the emulsifier was added. The supplementation of emulsifier in the low-energy diet linearly decreased cholesterol (P = 0.099) and LDL/C (P = 0.074). The fat digestion of broilers fed with TRT2, TRT3, and TRT4 was significantly higher than broilers fed with TRT1 diet. Our study result shows that the emulsifier used for the experiment is beneficial in the low-energy diet of broiler chickens.
INTRODUCTION
Energy plays an important role in the intake of nutrients and also greatly affects the body composition of broilers (Boekholt et al., 1994; Wiseman and Lewis, 1998) . Fat and oils particularly known as lipids are the main sources of energy in the diet of livestock. The inclusion of fat in livestock industry has been practiced for years in order to improve carcass quality and growth performance with better feed efficiency. It also helps to reduce dustiness in feed, increase the palatability of the diet (Febel et al., 2008; Firman et al., 2008) and slow down the passage rate in digestive tract which allow for better nutrient utilization (NRC, 1994) . But the supply of energy in feed formulation leads to significant increase in the cost of the feed. Along with this, the increase in the price of cereal grains in recent years has forced the nutritionist to focus on better utilization of the energy in the diet and compensate for the price of feed.
The addition of fat alone is not sufficient because the endogenous emulsifiers alone cannot digest the fat properly. As a result, fat is only partially digested. The undigested fat is excreted through fecal, which is considered as a loss. Excess fat can be a problem in digestive tract because it cannot easily undergo enzymatic digestion. In such cases, exogenous emulsifier plays an important role in better fat digestibility, increase absorption of energy (Rovers, 2014) and improve the growth performance of chicks when fed with high-fat diets (Polin, 1980; Roy et al., 2010) . Fat digestibility is also improved by supplementing chickens feed with bile salts but it is economically not viable (Kussaibati et al., 1982) .
The digestion and absorption of fat in chickens vary according to their age. It is low in young chickens because the natural lipase production is very low (AlMarzooqi and Leeson, 1999) . The net duodenal secretion of lipase increases as the chick grows (Hakansson, 1974; Noy and Sklan, 1995) and is high during 40 to 56 d of age (Krogdahl and Sell, 1989) . So, the need of an emulsifier in broiler is more during the starter phase (Sell et al., 1986) . According to previous research, the highest emulsifying capacity was found in broiler chickens among other poultry species (Hudspeth and May, 1967) . Nowadays, cheaper emulsifying agents are applied in growing chickens which assist to increase the fat digestibility but the results are inconsistent (AlMarzooqi and Leeson, 1999; Roy et al., 2010) . With the addition of emulsifier on phospholipids, lecithin and lysolecithin diets, the fat globules can be further broken down into smaller globules which enhance enzymatic digestion (Gu and Li, 2003) . 269
The emulsifier is a substance that stabilizes an emulsion. Emulsification is necessary for micelle formation and better absorption of fat, especially for long saturated fatty acids (SFA). It promotes the incorporation of fatty acids into micelles formation (Wang et al., 2016) . The emulsifier used in our experiment is sodium stearoyl-2-lactylate (80% SSL) and tween 20 (20%). SSL is an excellent emulsifier for fat in water emulsion with high emulsifying efficiency. The amphiphilic nature with a hydrophilic head and long hydrophobic hydrocarbon tail makes SSL an excellent emulsifier (Cho et al., 2012) . SSL is applied as an emulsifier (Gomez et al., 2004) , conditioning agent (Armero and Collar, 1998) , and whipping agent (Kelly et al., 1999) in food production industries, whereas tween 20 is a polyoxyethylene sorbitol ester used for stabilizing oil in water emulsion. It is also found to be used for extraction of membrane bound proteins, lysis of mammalian as well as an emulsifying agent.
Based on previous study of Roy et al. (2010) , it was hypothesized that the emulsifier will assist in better digestibility of fat and minerals which would improve live weight gain, feed conversion, nutrient digestibility as well as mineral retention. Our research was focused to evaluate the efficacy of emulsifier on growth performance, nutrient digestibility, meat quality, relative organ weight, serum lipid profile, and excreta microbiota of broiler chickens when supplied on low-energy diets.
MATERIAL AND METHODS
The experiment received prior approval from Animal Care and Use Committee of Dankook University. The emulsifier sample used in our experiment contained sodium stearoyl-2-lactylate (80% SSL) and tween 20 (20%). Seven hundred and sixty-eight 1-d-old Ross 308 male broiler chickens (average body weight, 43.64 ± 0.59 g) were used in a 5-wk feeding trial. The chickens were distributed into 4 treatments of 12 replications per treatment with 16 chickens per pen. The dietary energy level of basal diet for the starter, grower, and finisher period were 3,000, 3,100, and 3,200 kcal/kg, respectively. The treatment diets were supplied with similar doses of 0.05% emulsifier except for basal diet. Dietary treatments included the following: TRT1, basal diet; TRT2, -40 kcal diet + 0.05% emulsifier; TRT3, -60 kcal diet + 0.05% emulsifier; TRT4, -80 kcal diet + 0.05% emulsifier. The feeds were formulated according to the requirements recommended by NRC (1994) . It is shown in Table 1a -c. Chickens were raised in pen (size, 1.75 × 1.55 m 2 ) in a temperature-controlled room of 33 ± 1
• C and 60% relative humidity. The same temperature was maintained for the first 3 d and gradually reduced by 3
• C a week not exceeding 24
• C. The same temperature was managed throughout the rest of the trial. Easy access to feed and water was provided. The feed was provided on a pan feeder of 35-cm diameter whereas water was provided by nipple water drinkers (5 nipples per pen) that were evenly placed on the wall of the pen. Fluorescent lamp with an intensity of 10 lx was adjusted for 24 h/d for lighting.
Growth Performance and Nutrient Digestibility
The body weight and feed intake were recorded on days 1, 7, 21, and 35 to calculate body weight gain, feed intake, and feed conversion ratio (FCR).
Nutrient digestibility was assessed at day 35. All broiler chickens were fed diets mixed with 0.2% Cr 2 O 3 for 7 d before excreta collection. The excreta samples were collected according to pen basis and put into a freezer at -20
• C. The feed and excreta samples were thawed and dried in a forced-air oven (model FC-610, Advantec, Toyo Seisakusho Co. Ltd., Tokyo, Japan) at 60
• C for 72 h. The dried sample was ground and filtered in 1-mm sieve. The samples were analyzed for dry matter (method 930.15), nitrogen (N 2 ) (method 990.03), and fat (method 920.39) according to the guidelines of Association of Official Analytical Chemists International (AOAC, 2000) . Chromium was analyzed via UV/VIS spectrophotometer (Optizen POP, Korea) as per method applied by Williams et al. (1962) . Apparent total tract digestibility was calculated based on the following formula: 
, where Nf = concentration of nutrients in excreta, Nd = concentration of nutrient in the diet, Cd = concentration of chromium in the diet, and Cf = concentration of chromium in the excreta.
Meat Quality and Relative Organ Weight
At the end of the experiment, 1 chicken from each pen was weighted and humanely slaughtered by cervical dislocation. After slaughter, breast meat, gizzard, liver, spleen, bursa of Fabricius, and abdominal fat were removed and stored at -20
• C for analysis. The organ weights were expressed as a percentage of body weight. The breast muscle color of lightness (L * ), redness (a * ), and yellowness (b * ) values were determined by using a Minolta CR410 (Minolta Co., Japan) immediately after post-mortem. The pH values were evaluated with the help of pH meter (Testo 205, Testo, Germany) . The guidelines of Honikel (1998) for drip loss and Jin et al. (2011) for water holding capacity was used as a reference for the current experiment.
Blood Profile
At the end of the experiment, 1 chicken was randomly selected from each pen, and blood samples were taken from the jugular venipuncture on the brachial wing of each bird by using vacuum tubes without additive (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) to obtain serum. Serum samples were isolated (centrifuged at 3000× g for 15 min) 1 h after collection and kept at -4 • C until used in cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and triglyceride analyses with an automatic blood analyzer (Advia 120, Bayer, Tarrytown, NY, USA).
Excreta Microbiota Counts
At the completion of the experiment, excreta samples were collected on pen basis for analysis of excreta microbiota counts. One gram of excreta sample was undertaken 10-fold dilution with 9 mL of 1% peptone broth (Becton, Dickinson, and Co.) and stirred for homogenization. The homogenized sample was put onto MacConkey agar plates (Difco Laboratories, Detroit, MI, USA) and MRS agar plates (Difco Laboratories, Detroit, MI, USA) to isolate the Escherichia coli and Lactobacillus, respectively. A dilution range of 10 −4 to 10
for Lactobacillus and 10 −3 to 10 −5 for Escherichia coli were used for analysis. The MRS agar plates (48 h at 39
• C) and MacConkey agar plates (24 h at 37
• C) were incubated in the incubator under anaerobic conditions. After incubation was complete, the viable counts of the microbiota population were performed by multiplying the count with the dilution factor.
Statistical Analysis
The GLM procedure of SAS program (SAS Inst. Inc., Cary, NC, USA) was used to analyze all the data of our study. In addition, orthogonal comparisons were conducted using polynomial regression to measure the linear and quadratic effects of dietary supplementation of emulsifier in low-energy density diets. The pen was taken as the experimental unit. The means of the treatment were compared by Duncan's range test. After which, the variance in the results was expressed as standard error. Values of analysis were considered significant at P < 0.05 and trend at P < 0.05 to P < 0.10.
RESULTS

Growth Performance and Nutrient Digestibility
Effects of emulsifier supplementation on growth performance are shown in Table 2 . The growth performance parameters of broiler chickens fed with different levels of energy diets supplemented with emulsifier was comparable with the basal diet. No significant difference (P > 0.05) on growth performance was seen among different levels of energy reduced diet supplemented with an emulsifier.
Effects of emulsifier supplementation on nutrient digestibility are shown in Table 3 . Broiler chickens fed with TRT2, TRT3, and TRT4 diet had a higher digestibility of fat compared with broilers fed with TRT1 diet (P < 0.05). No significant difference was observed on dry matter and N 2 digestibility of broiler chickens among treatments (P > 0.05).
Meat Quality and Relative Organ Weight
Effects of emulsifier supplementation on meat quality and relative organ weight are shown in Table 4 . The treatment diets had no adverse effect on meat quality and relative organ weight of broiler chickens (P > 0.05).
Blood Profile
Effects of emulsifier supplementation on blood profile are shown in Table 5 . The treatment diets had no significant effect on serum lipid profile of broiler chickens (P > 0.05).
Excreta Microbiota Enumeration
Effects of emulsifier supplementation on excreta microbiota counts are shown in Table 6 . The treatment Table 4 . Effect of emulsifier supplementation in low-energy density diets on meat quality and organ weight in broilers. diets had no significant effect on excreta microbiota counts of broiler chickens (P > 0.05).
P-value
DISCUSSION
Growth Performance and Nutrient Digestibility
The addition of emulsifier showed no significant effect on the growth performance of broilers among the treatment diets (P > 0.05). However, a numerical increase on growth was observed on the body weight gain of chickens that were supplied with emulsifier on low-energy diets. The negative effect was observed on growth performance of broilers supplied with low-energy diet (-100 kcal). However, supplementing the low-energy diet with an emulsifier (0.08 and 0.04%) elevated the negative effect by improving FCR with a reduction in feed intake and increasing feed efficiency (Gheisar et al., 2015) . There was a slight improvement in FCR in TRT2 and TRT3 during days 21 to 35 and overall period of our experiment. Even though there was less energy being provided (even as low as -80 kCal), there was no negative effect on growth performance of the chickens. This indicates that the added emulsifier had a positive effect in low-energy diet supplied to broilers and was able to maintain the same growth performance as that of basal diet.
The influence of emulsifier in growth and nutrient digestibility is high during the starter phase (0 to 21 d) because lipase secretion on young chickens is very low (Krogdahl and Sell, 1989) . Emulsifiers can enhance the growth performance of broilers but the effect might be minimal (Jones et al., 1992) whereas, supplementation Table 5 . Effect of emulsifier supplementation in low-energy density diets on blood profiles in broilers.
P-value
Items, mg/dL TRT1 TRT2 TRT3 TRT4 SEM TRT1, basal diet; TRT2, -40 kcal diet + 0.05% emulsifier; TRT3, -60 kcal diet + 0.05% emulsifier; TRT4, -80 kcal diet + 0.05% emulsifier.
1 Each mean represents 12 replicates with 16 chickens/replicate (n = 192/treatment). Table 6 . Effect of emulsifier supplementation in low-energy density diets on excreta microbiota in broilers.
Items, log 10 cfu/g TRT1 TRT2 TRT3 TRT4 SEM 1 Linear Quadratic TRT1, basal diet; TRT2, -40 kcal diet + 0.05% emulsifier; TRT3, -60 kcal diet + 0.05% emulsifier; TRT4, -80 kcal diet + 0.05% emulsifier.
1 Each mean represents 12 replicates with 16 chickens/replicate (n = 192/treatment).
of emulsifier (SSL 0.05%) with multi-enzyme (0.1%) in low-energy density diets (3,000 and 3,100 kcal/kg) partially improved growth performance, relative organ weight, and triglyceride concentration in broiler chickens (Cho et al., 2012) . A similar result was obtained by Wang et al. (2016) . They concluded that the addition of SSL (0.05%) in a low ME (3,000 and 3,100 kcal/kg) with tallow added diet enhanced the growth performance and was same as high ME diet (3,150 and 3,250 kcal/kg). These results were also consistent with the findings of Roy et al. (2010) , who revealed that the growth performance was improved with the supplementation of exogenous emulsifier in diets containing fats. The result can be affected by diet, level of energy, kind of emulsifier, and its concentration used for the experiment. The low-energy diet in our experiment was prepared by reducing the amount of fat because it may not always be economical to produce due to scarcity of fat (Leeson et al., 2001 ). In our current study, supplementation of emulsifier in low-energy density diets had no significant effect on growth performance but the results were comparable to basal diet. This indicated that emulsifier had a positive effect on the growth of broiler chickens even in low-energy diet because it helped to maintain the growth performance similar to high-energy diet. So, by these results we can consider that emulsifier is helpful for the growth performance of broiler chickens.
The fat digestion of broilers fed with TRT2, TRT3, and TRT4 was significantly higher than broilers fed with TRT1 diet. It shows that addition of an emulsifier to low-energy diet increased the digestibility of nutrients, which is in agreement with Jones et al. (1992) . Glyceryl polyethylene glycol ricinoleate (0, 1, and 2%) was found as an excellent feed additive in enhancing nutrient digestibility and feed conversion of broiler chickens (Roy et al., 2010) . Likewise, an inclusion of an emulsifier (0.08% lysolecithin or 0.04% sodium stearoyl-2-lactylate) on low-energy level diets (-100 kcal) in broiler chickens improved digestibility of nitrogen and energy (Gheisar et al., 2015) . But in our study, the treatment diets that were supplied with a constant dose of emulsifier had no effect on nitrogen content. Fat digestion in pig was enhanced by dietary supplementation of emulsifier (0.03%) in the incremental dose (Jones et al., 1992, Dierick and Decuypere, 2004) . In our experiment, the fat digestion significantly increased in low-energy level diet (-40, -60, -80 kcal) that were supplied with a constant dose of 0.05% emulsifier. This indicates that the emulsifier actively enhanced the fat digestibility of chickens fed with added emulsifier than the hens that were fed in absence of emulsifier.
Meat Quality and Relative Organ Weight
In our current study, meat quality and relative organ weight parameters were unaffected by the treatment diets (P > 0.05). A higher abdominal fat deposition was observed in the chicks fed with higher energy diet (3,150 and 3,250 kcal/kg) than the low-energy diet (3,000 and 3,100 kcal/kg) supplied with 0.05% emulsifier (Wang et al., 2016) . Other researchers also reported that the abdominal fat deposition of broilers increased as dietary energy level increased maintaining the amino acid level constant (Kubena et al., 1974; Deaton and Lott, 1985) . The energy source may also play an important role in the abdominal fat deposition, with polyunsaturated fatty acids producing lower abdominal fat deposition than SFA (Crespo and Esteve-García, 2001 ), which agrees with the results of Wang et al. (2016) . This also indicates that the use of an emulsifier in diet can improve lipid digestion and deposition in the body. However, the relative weight of bursa of Fabricious and spleen was not affected by different energy levels (2500, 2600 and 2800 kcal/kg of ME) supplied for 42d in the diet of broiler chickens (Praharaj et al., 1997) . The inconsistent findings of emulsifier supplementation with regard to meat quality in the current study as compared with other studies could be due to the difference in energy levels as well as the concentration of emulsifier in the diet.
Blood Profiles
In our current study, there were no significant differences in any items of the blood profiles among treatments. Even though there were no significant differences, there was a linear effect on cholesterol (P = 0.099) and LDL/C (P = 0.074). Total triacylglycerols, cholesterol, and lipoprotein cholesterol (HDL-C, LDL-C) in blood are influenced by the type of fat added in the diet. Generally, fats like tallow or lard which contains high SFA, increase the levels of triaglycerols and LDL-C in the blood (Crespo and Esteve-García, 2001; Wongsuthavas et al., 2007; Viveros et al., 2009 ). Similarly,Özdogan and Akşit (2003) also found increase in serum cholesterol and LDL-C, and decrease in HDL-C with the addition of tallow (6%) as compared with soybean oil (6%). The above results are contradictory with the result from Fan et al. (1995) , who reported that the fats supplied in the diet did not affect the cholesterol in blood. Likewise, Peebles et al. (1997) concluded that serum total cholesterol, LDL-C, and HDL-C were unaffected by the addition of lard (7%). Roy et al. (2010) reported that emulsifier (Glyceryl polyethylene glycol ricinoleate) reduced total cholesterol and LDL-C in the serum of chickens, but exerted no effect on HDL-C. However, in the study conducted by Wang et al. (2016) , the inclusion of SSL as an emulsifier (0.05%) with different fat sources (soybean oil vs tallow) showed no influence on serum total triacylglycerol, but increased total cholesterol and LDL-C cholesterol concentrations. In contrast, supplementation of SSL in low-energy diet had no effect on serum total triglycerides, cholesterol, LDL-C, and HDL-C levels of broilers fed a low-energy diet. The possible reason for no effect in serum lipid profile in the treatment diets in the current study could be due to moderate reduction in the energy levels in the diet as compared to studies by other researchers.
Excreta Microbiota
There were no significant differences among treatment diets in any bacterial populations of the excreta microbiota indicators measured. Lactobacillus population can have a positive effect on digestion and maintenance of intestinal health, whereas high abundance of E. coil populations can have negative effects on the in-testinal health of animal and humans (Jin et al., 2000) . In our study, the supplementation of constant dose of emulsifier on low-energy diet helped to maintain the microbiota population of Lactobacillus and E. coli. So we can say that the supplied emulsifier had no negative impact on the health of broiler chickens.
CONCLUSION
Our study suggests that SSL and tween 20 could be a beneficial emulsifier in low-energy diet of broiler chickens. It has shown significant effects on the digestibility of fat. However, more studies are needed with a higher reduction in energy levels to evaluate the effect the emulsifier.
